Context-Diabetes mellitus appears to be a risk factor for some cancers, but the effect of preexisting diabetes on all-cause mortality in newly diagnosed cancer patients is less clear.
However, the association of preexisting diabetes in newly diagnosed cancer patients with long-term, all-cause mortality has not been systematically assessed. Cancer patients with diabetes may receive less aggressive cancer treatment or less aggressive diabetes care, both of which could compromise survival. 10 Our objective was to systematically review and summarize data regarding the association of preexisting diabetes with long-term, all-cause mortality in cancer patients.
Methods

Data Sources and Searches
We searched MEDLINE and EMBASE from inception to May 15, 2008 , for articles evaluating the effect of diabetes on any prognostic outcome in cancer patients. Our overall search strategy included terms for diabetes (eg, diabetes, glucose intolerance, hyperglycemia), cancer (eg, cancer, malignant neoplasm), and prognosis (eg, mortality, survival, recurrence) and was limited to English-language, human studies. We also searched references of included articles.
Study Selection
Our overall search targeted articles that met the 3 following criteria: they evaluated any prognostic outcome by glycemic status, they evaluated a cancer population, and they contained original data analysis. We included studies evaluating type 1 and type 2 diabetes but not hyperinsulinemia or metabolic abnormality such as impaired glucose tolerance. For inclusion in our systematic review, articles had to meet 2 additional criteria: they reported all-cause mortality or overall survival, and they had a follow-up period of 3 months or longer. To be included in our meta-analysis, articles had to meet both of the following 2 criteria: they reported a risk estimate (eg, hazard ratio [HR] or relative risk [RR] relating preexisting diabetes to subsequent death using survival analysis regression models), and they reported an estimate of precision, such as a standard error or 95% confidence interval (CI). We also included articles that failed to report precision directly but from which we could reconstruct an estimate of precision using P values and other study data.
To further explore the relationship between diabetes and mortality in cancer patients, we also systematically reviewed long-term, cancer-specific mortality or noncancer mortality.
Data Extraction and Quality Assessment
Titles, abstracts, and articles were reviewed independently. Disagreements were settled by consensus or a third review for adjudication. Abstracted data included study population characteristics and demographics, presence or absence of diabetes at baseline, duration of follow-up, health outcomes (specifically all-cause and cause-specific mortality for this report), adjustment variables, and study quality. Quality was assessed using elements of the STROBE checklist for cohort studies considered important for quality in these studies. 11 To judge quality, we abstracted information on population source; method of diabetes and outcome ascertainment; whether diabetes was the primary exposure variable or 1 of a group of prognostic variables; and statistical methods, including the use of survival analysis and adjustment for confounders.
Data Synthesis and Statistical Analysis
To avoid overlapping patient populations, we compared data on recruitment years, data source, and geographic location. If a patient population was found to overlap, we included the article with the most comprehensive population or most adjusted estimate of risk associated with preexisting diabetes. This resulted in the exclusion of 12 articles from our systematic review. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] If several estimates were reported in the same article, we chose the most fully adjusted estimate (ie, multivariate regression was selected over univariate regression, which was selected over unadjusted Kaplan-Meier analysis). If an article gave site-specific as well as overall estimates, the overall estimate was used in the primary metaanalysis and site-specific estimates were used in meta-analyses by cancer site. If an article only reported multiple estimates by subgroup, these estimates were entered separately into our meta-analysis.
Authors were contacted for clarification for the systematic review and for additional, unreported information for the meta-analysis. For the meta-analysis, in the case that a P value without a risk estimate was reported, authors were contacted to obtain the estimates. When diabetes was not included in the final adjusted model, authors were contacted and asked to provide an adjusted estimate of the risk of preexisting diabetes. Of the 12 authors contacted, 3 were able to provide additional information, 4 were unable to furnish the necessary information, and 5 did not respond to our request. The 9 studies with insufficient reporting were still included in the systematic review as described here.
The results of the systematic review are summarized qualitatively. The null hypothesis of "no additional mortality risk in cancer patients with preexisting diabetes" for studies reporting direction of effect was tested with a nonparametric sign test. 24 For the meta-analysis, we calculated a pooled HR estimate across all studies. Heterogeneity between studies was assessed using Cochran Q statistics and I 2 statistics. 25 Publication bias was evaluated using the Begg funnel plot and Egger plot. Sensitivity analyses were conducted first by excluding unadjusted estimates and then by excluding estimates that did not adjust (or stratify) for age and stage at time of diagnosis. Second, to evaluate period effects, we calculated point estimates for studies where the midpoint of the case recruitment period fell on or before the median year of 1996 (range, 1981-1996) vs after 1996 (range, 1997-2005) . Third, to explore the impact of study quality, we conducted sensitivity analyses by important quality components. Finally, we evaluated the influence of each study on the overall estimate by calculating a pooled HR, omitting each estimate 1 at a time.
Cancer sites with at least 3 estimates meeting our meta-analysis criteria (breast, colorectal, endometrial, gastric, hepatocellular, lung, pancreatic, and prostate cancer) are reported separately. We calculated all pooled HR estimates using the DerSimonian-Laird method 26 for a random-effects model since there was substantial between-study heterogeneity and to allow for variable effects across studies. Using the method described by Cohn and Becker, 27 post hoc power calculations based on the overall and site-specific pooled HRs revealed excellent power (≥95%) for overall, endometrial, breast, and colorectal cancer estimates and low power (<50%) for prostate, gastric, hepatocellular, lung, and pancreatic cancer estimates. Type 1 error rate was set at α = .05 and all tests were 2-sided. All analyses were conducted using Stata 10 (StataCorp, College Station, Texas).
Results
Our literature search yielded 7858 articles, of which 94 met inclusion criteria for our overall systematic review of the effect of preexisting diabetes on cancer prognosis. Most excluded studies did not report the risk of preexisting diabetes on prognosis or lacked original data. Of the 94 articles, 48 were eligible for inclusion in the present systematic review of the risk of preexisting diabetes on long-term, all-cause mortality. Of these, 23 studies met inclusion criteria for our meta-analysis (Figure 1) . Descriptive data for studies included in our metaanalysis are listed in order of increasing risk ratios (Table 1) . Descriptive data and main results for the remaining studies included only in the qualitative review are presented by cancer site (eTable 1; http://www.jama.com).
Description of Studies
The 48 articles included in our systematic review of long-term, all-cause mortality were quite heterogeneous. Twenty-eight studies used traditional cohorts of newly diagnosed cancer patients, 18 studies used treatment or surgical cohorts, one was a case-control study, and another was a matched-cohort study. Four studies evaluated the effect of preexisting diabetes on a group of cancer patients with multiple types of cancer, but most studies (n=44) focused on a single cancer site. The studies had been conducted in the United States (n=21), Europe (n=15), Asia (n=11), and Australia (n=1). Sample sizes ranged from 42 to 58 498 with a median of 430. Across the 43 studies that reported the number of participants with diabetes, the overall prevalence of diabetes was 12% (range, 4%-60%). Across the 44 studies that reported participant sex, the total population was 49% male. Reporting of age and follow-up time varied widely across studies.
Survival analyses reported various outcomes, including cumulative 1-year, 2-year, 3-year, 5-year, 10-year, and overall survival or mortality rates. The studies employed a variety of analytic techniques, including life-table and Kaplan-Meier survival analysis, Cox proportional hazards regression, and Poisson regression. Time origin for survival analysis was generally the time of cancer diagnosis, except in the case of treatment or surgical cohorts where the time of origin was the beginning of treatment or the date of surgery.
Quality varied across studies (eTable 2). Ten studies used population-based cohorts and the other 38 used clinic-based cohorts. Although the majority of studies ascertained diabetes by either blood tests (n=7) or medical records (n=34), a few studies used self-report of diabetes (n=3) and 4 studies did not report method of diabetes ascertainment. Studies used death registries (n=10), medical records (n=28), or interviews (n=8) to ascertain vital status and 2 studies did not report method of outcome ascertainment. Fifteen studies investigated diabetes as the primary exposure of interest while the remaining 33 studies evaluated diabetes among other prognostic variables. Most (n=46) of the studies used survival analysis, but only 30 used adjusted models and only 18 adjusted for age and cancer severity.
Additional Information: eTables and the eFigure are available at http://www.jama.com.
Systematic Review of Evidence
The best evidence from each study is summarized here. For example, if a study reported both a log-rank test from Kaplan-Meier survival curves and an adjusted Cox proportional HR, only the HR is included.
Of 5 studies reporting survival or mortality percentages comparing cancer populations with and without preexisting diabetes, 51-55 only 1 study reported a P value. Two studies observed higher risk in patients with diabetes and 3 studies observed higher risk in patients without diabetes.
Of 11 studies using Kaplan-Meier survival curves or life-table survival with either the logrank or Wilcoxon tests, [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] [66] diabetes was associated with significantly decreased survival in 2 studies, nonsignificantly decreased survival in 5 studies, and nonsignificantly increased survival in 1 study; the remaining 3 studies reported a nonsignificant difference without a direction of effect.
Of the 4 studies with unadjusted Cox proportional HRs for the risk of preexisting diabetes, 32, 35, 45, 67 diabetes was associated with significantly increased risk in 2 studies and nonsignificantly increased risk in 1 study; 1 study did not have sufficient information to determine direction of effect.
Twenty-eight studies provided 30 adjusted Cox or Poisson models (HRs or RRs) of the risk of preexisting diabetes. * Of these 30 estimates, 17 reported that preexisting diabetes was associated with significantly increased risk of all-cause mortality in cancer patients, 3 that diabetes was associated with nonsignificantly increased mortality, 3 that diabetes was associated with nonsignificantly decreased mortality, and 1 that there was no effect; the remaining 6 estimates were not statistically significant, but sufficient information to determine directionality was unavailable.
No study included in this systematic review reported that diabetes was associated with significantly better survival. For the nonparametric sign test, we considered whether studies reported higher or lower mortality risk associated with preexisting diabetes, regardless of significance level or magnitude of effect. Overall, 32 study estimates found diabetes was associated with increased risk of mortality, 7 found diabetes was associated with decreased risk of mortality, 1 found a null effect, and 10 did not report a direction of effect. The sign test rejected the null hypothesis of equal mortality in patients with and without preexisting diabetes whether we excluded studies that did not report a direction of effect (P = .001) or assumed studies that did not report a direction of effect fell evenly in either category (5 each side, P=.005).
Meta-analysis
Of the 32 studies reporting unadjusted or adjusted regression models evaluating the risk of preexisting diabetes on long-term, all-cause mortality, 21 studies reported 22 estimates including both risk (HR or RR) and precision (standard error, P value, or 95% CI). The addition of 3 unreported estimates supplied by article authors increased the size of our metaanalysis to 23 studies with 25 estimates. 29, 30, 49 Characteristics and demographic information as well as adjustment or restriction variables for included articles are listed in Table 1 .
Of the remaining 9 articles with regression models but insufficient reporting to include in our meta-analysis, 3 studies reported preexisting diabetes was associated with significantly * References 28-31, 33, 34, 36-44, 46-50, 68-75. increased risk of mortality (P < .05) while 6 found a nonsignificant relationship (P > .05) without indicating direction of effect. Figure 2 displays the results of the meta-analysis of the 23 studies. Preexisting diabetes was associated with an increase in all-cause mortality following cancer diagnosis (HR = 1.41; 95% CI, 1.28-1.55). No significant publication bias was observed according to the Begg test (P = .92) or Egger plot (P = .34) (eFigure). Heterogeneity was significant by the Q statistic (205 on 24 df, P < .001) and by I 2 (88.3%, P < .001).
Sensitivity Analyses
Because the investigators' approaches to adjustment for confounding factors varied widely by study and type of cancer (Table 1) , we conducted a sensitivity analysis to confirm robustness ( Table 2 ). After excluding univariate estimates (n = 3), 32, 35, 45 the HR remained 1.40 (95% CI, 1.29-1.52). Next, we excluded analyses that did not at least adjust or restrict age and disease severity at cancer diagnosis (n = 7), [29] [30] [31] 37, 44, 46 because we believe these are particularly important potential confounders. The estimated HR in this sensitivity analysis was 1.42 (95% CI, 1.28-1.56).
In a second sensitivity analysis to evaluate period effects, we calculated a pooled HR for studies with the midpoint of case recruitment on or before 1996 (n=12) and after 1996 (n=13). The earlier group had an HR of 1.45 (95% CI, 1.26-1.67) and the more recent group had an HR of 1.37 (95% CI, 1.26-1.46).
A third sensitivity analysis evaluated the impact of additional quality components on the pooled HR (eTable 2A). First, we calculated separate estimates by source of study population and found that population-based studies (8 estimates) had a pooled HR of 1.39 (95% CI, 1.27-1.52) and clinic-based studies (17 estimates) had a pooled HR of 1.46 (95% CI, 1.21-1.78). Second, we excluded studies (4 estimates) that had either self-reported diabetes ascertainment or that did not report the method of diabetes or outcome ascertainment. The remaining studies had a pooled HR of 1.37 (95% CI, 1.24-1.51). We also calculated separate estimates for the 9 studies that considered diabetes as the primary exposure (HR, 1.42; 95% CI, 1.30-1.56) and the 14 studies that considered diabetes among prognostic factors (HR, 1.36; 95% CI, 1.20-1.55).
Finally, we excluded individual study estimates 1 at a time to examine the influence of each study on the overall HR. The omission of any one study did not appreciably change the pooled HR, and the estimates in each case were well within the confidence limits of the overall estimate.
Next, we investigated the risk associated with preexisting diabetes by cancer site for sites with at least 3 risk estimates qualifying for our meta-analysis. Park et al 37 as well as van de Poll-Franse et al 40 reported site-specific risk as well as the overall risk estimates, and these site-specific estimates were included in the meta-analyses by cancer type ( 
Cancer-Specific and Noncancer Mortality
To further describe the observed higher risk of mortality in cancer patients with preexisting diabetes, we searched the literature for articles reporting either cancer-specific mortality or noncancer mortality. From the 7858 citations and 94 articles included in the aforementioned systematic review, 10 articles reported the association of preexisting diabetes with causespecific mortality (Figure 1 ). Seven articles reported the risk of diabetes associated with cancer-specific mortality, 42,47,48,68,76-78 1 article reported the risk of diabetes associated with both cancer-specific and noncancer mortality, 36 and 2 articles reported the risk of diabetes associated with noncancer mortality 67, 79 (eTable 1B). These articles evaluated patients with colorectal (n=3), endometrial (n=4), and prostate (n = 3) cancer. Eight of 10 articles used Cox proportional hazards regression and 2 calculated Kaplan-Meier cumulative survival.
Of 9 estimates from 8 articles reporting the association of diabetes with cancer-specific mortality, 2 estimates found significantly higher risk, 48,78 2 estimates found a nonsignificantly higher risk, 36,77 2 estimates found a nonsignificantly lower risk, 42,77 and 3 articles did not report a direction of effect. 47, 68, 76 No study reported that diabetes was associated with a significant decrease in cancer-specific mortality. We performed a nonparametric sign test and found no association between diabetes and increased cancerspecific mortality (P=.69).
Of the 3 studies evaluating noncancer mortality, 2 found a significant association with increased risk among patients with preexisting diabetes 36, 79 and 1 article reported a nonsignificant association with no direction of effect. 67 
Comment
Preexisting diabetes in cancer patients at the time of diagnosis was associated with an HR of 1.41 for the risk of all-cause mortality compared with individuals without diabetes when pooled across 23 studies of various types of cancer. This estimate was robust across sensitivity analyses that accounted for population source, diabetes and mortality ascertainment, and statistical adjustment. While the association of diabetes and site-specific mortality risk reached statistical significance only for cancers of the endometrium, breast, and colorectum, diabetes appeared to be associated with some additional mortality risk for all types of cancer.
Strengths of the study include a comprehensive, systematic review of the literature by a multidisciplinary team including specialists in cancer, diabetes, and epidemiologic methods. We used a broad search strategy to capture all relevant information. Even though we had to exclude about half of the apparently relevant articles from our meta-analysis for lack of regression models or insufficient reporting, the excluded articles were generally consistent with pooled, quantitative results. Moreover, there was no evidence of publication bias. The majority of the studies included in the review evaluated multiple prognostic variables, which likely decreased the risk of publication bias with respect to the relationship between diabetes and mortality in this patient population, and the pooled estimate was stable when restricted to these articles. Finally, a meta-analysis was performed on 23 articles that addressed the specific research question, and influence and sensitivity analyses confirmed the robustness of the main results.
Several limitations of the literature as well as our systematic review and meta-analysis deserve comment. First, the studies showed great heterogeneity in terms of population demographics, ascertainment methods for diabetes, and measurement and adjustment for confounders. Despite the use of appropriate meta-analytic techniques with random-effect models, we are unable to account for these differences. However, multiple sensitivity analyses found the risk estimate was robust across various quality components. Second, studies included in the review span many decades (published between 1969 and 2008) during which great advances have been made in the treatment of cancer and diabetes. Despite this, point estimates for earlier and more recent studies were similar. Finally, differences in follow-up time, which was not always reported, may also limit interpretation of the results. However, the consistency of results across studies, cancer sites, follow-up time, and continents supports the main findings. The large I 2 value (88%) indicates that the range of plausible risk estimates is wide, but we found no evidence that preexisting diabetes might be protective.
There are several potential explanations for the observed association between increased allcause mortality and preexisting diabetes in cancer patients. First, cancer patients with diabetes may have increased tumor cell proliferation and metastases in a physiologic environment of hyperinsulinemia and hyperglycemia. 10 It is possible that high insulin or insulin-like growth factor levels may promote cancer cell and tumor growth. 10 Another potential pathway is that acute exposure to hyperglycemia may increase endothelial cell permeability due to increased generation of reactive oxidative species and structural changes in the basement membrane, increasing the likelihood of metastasis. 80 Second, differences in cancer treatment between patients with and without diabetes may contribute to increased cancer-related mortality. Patients with diabetes often have other diabetes-related comorbid conditions, such as ischemic heart disease, chronic kidney disease, and neuropathy, that may influence clinical decisions. 10 The study by van de PollFranse et al 40 found that patients with esophageal, colon, breast, and ovarian cancer and diabetes were treated less aggressively than those without diabetes after controlling for age, stage, and sex in the Eindhoven Cancer Registry of the Netherlands.
Third, patients with preexisting diabetes may have poorer response to cancer treatment, including increased infection risk and intraoperative mortality. 39, 81 Fourth, patients with preexisting diabetes may present with later-stage disease because of suboptimal cancer screening practices. 82 Fleming et al 83 found that women older than 67 years with preexisting diabetes had a 17% greater risk of being diagnosed with late vs early stage breast cancer in the SEER database compared with normoglycemic women. In our analysis, however, stage at diagnosis appeared not to be a major explanatory factor. Fifth, the diagnosis and treatment of cancer may distract both the patient and the health care team from appropriate management of glycemia, blood pressure, and lipids, proven to reduce morbidity and mortality in diabetic adults. Although results are not consistent, a multidisciplinary approach that includes a diabetes-management team for the treatment of cancer patients with diabetes may be important for improving long-term outcomes and decreasing mortality. 84, 85 Finally, it is possible that the excess mortality risk related to diabetes is completely independent of cancer and cancer treatment. Diabetes is a well-established risk factor for cardiovascular mortality in adults without cancer, 86 and the microvascular and macrovascular damage it causes likely accumulates to some extent regardless of cancer status. If this were true, one might predict that the excess mortality risk would be confined to deaths attributed to causes other than cancer (eg, coronary heart disease). Our subsidiary analysis of studies that distinguished between cancer and noncancer mortality was inconclusive, so this possibility cannot be excluded. However, experts in cancer epidemiology recognize that attribution of cause of death is often problematic and that undue reliance on attributed cause can bias estimates of risk related to cancer treatment. [87] [88] [89] [90] Attention to all-cause mortality tends to reduce bias due to misattribution.
Future research should determine the relative importance of different pathways to diabetesrelated mortality risk. If a clinical or biological interaction between diabetes and cancer care is confirmed, subsequent trials should test whether improvements in diabetes care for patients with newly diagnosed cancer might reduce long-term mortality. b Estimates calculated using a random-effects model.
